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Doppler Radar Observation of Orographic Modification of Snow Clouds
—A Case of Enhanced Snowfall—

by
Sento Nakai, Masayuki Maki and Tsuruhei Yagi
National Research Center for Disaster Prevention, Japan

Abstract

Observation of orbgraphjc modification of snow clouds was carried out from Febru-
ary 2 to February 9, 1989, in the Shinjo basin, Yamagata Prefecture, utilizing NRCDP’s
newly developed Doppler radar. This observation was part of co-operational observa-
tions of snow clouds conducted with the Meteorological Research Institute of Japan
Meteorological Agency and the Institute of Low Temperature Science of Hokkaido
University.

Orographically enhanced snowfall was observed above the Dewa hills. A multi-
cellular structure and a characteristic pattern of a Doppler velocity field were noted.

A simple “disturbed component” of the Doppler velocity was defined. This compo-
nent accompanied by orographically enhanced snowfall had a characteristic feature
which suggested that airflow of more than 1500m thick was orographically influenced to
the same extent.
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Fig. 1 Topography of the observation area and arrangement of three Doppler radars.
The area covered by NRCDP’s Doppler radar is indicated by a fan. Area
shown in Fig. 8 is indicated by a square. Area shown in Fig. 4 and Fig. 6 is
indicated by a strip noted by “S”.
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Table 1 Main specifications of NRCDP’s Doppler radar.
E—AIE 1.27BF
AEERE 1, 2, 3, 6, 15rpm(PPI)
1, 2, 3rpm(RHI)
FEREHE =27 NE—F
CPU=x— F (POSITIONING, PPI, RHI, CAPPI, SPPI,
SRHI)
Fus s AT—F (CPUE— FOHMEE)
CPUE—F » O 7 4E— FTEHMA, HUMA,
ATy TR LR ICRERTHE
kT 9415MHz
REEM N 40kW
28 AN 0.5usec
2300 AR L R 2000Hz
B/NVEGRE —110dBm
PRI ON/OFFI&
MTI ON/OFFa[&g
[ A AR 0. 1mm/hour~100mm/hour
Foo s —HE - 12.5cm/sec
AT b IVIBTHREE
2 e 250m/62.5m
7 — ¥ R\FREE 40kmBLA
N7 —7% REHEE(L), Fo 77 —#HE(V),
Fw 75— 247 b VIE(W) BRI
ISR WS 7 —7(9track, 1/2inch, 2400feet)
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LBDTHE, Birioarta—g—TEPRESE, G508, EE T T THE
L, 7077 AL DVBEZIRTEEL/BETITRI L L, TRTOEREEBWTY—
& —x o —g8E (reflectivity), F w75 —#E (Doppler velocity), Fwv 77 —A~7 b
& (Doppler spectrum width) D 3 RAZEEFCINFTEX 2 Z L B¥FRETH S, V—F—H
BEDFEMH I Maki et al. (1989) Wik~ 6N T3,

F2IZOBATHOIEEE—FTHS. BN L Lo —DEHEHNET S LEIC]
Y4 7 VOFFERMN S S0 NEEfE—F TEHEL, ZhLNGFRBERRMLG0 B E
—F” THEELE, 2, BEREREFROV—F—LRBEL TEHREEET 5727V
##, MTI(Moving Target Indicator, #tffx 2 —R%E3ERE) on-of DL T A b #HHI % 3K
Atz, ITRNEOE—ROFRZTal L8N ERRERIRDODLIBLDOTHS,

CAPPIFEZE «+eere BErI-—OBE2FANL D0 IWTEE. W3ILTIETHRT
—IH/oND,
PPIERE susssunorioss ZhROMAREEL, BARCEES ¥ 5EE, ME2.2E0EE

RBELa—0Bx2BERTL0THD, MAENEOERIIV—F
— DR BONESF 2RO B0 THS, BErRD55E
B (VADE) 22w Tid; R - i (1988) 25 L\,

SRHIFE#ES & U - $iENEZ L 2.0 OEE, HUAIIEER EFEGERETHHT

RHIEE Ha, AhiA8ERER LEOHETH 5 b FARFCERBIFIIFER
DVv—F—DFATLH 3,

V—F—DF—FBERT - FCREEs A, ki, FEOT—VERERHLIVERET

2 FudIaLiEET—F,
Table 2 Programed scan modes.
E£—F 2 b /B O E O WA P SR
EEE—F (DSRHI—»—————————— @CAPPI»——@SRHI— @PPI- ®SRHI—+ @PPI
2 rpm 15rpm @izEL 2rpm OQKFAEILC  6rpm
EL 0°—168° EL16step EL20 EL2.2 104+
AZ270° () 17.4°40.6 VAD B
288" (Ef - (BB —5—) 3WIT
15rpm 3rpm 3rpm
EL16step EL0"—168° EL20 54
17.4°0.6° AZ270° (Ie3) VAD
3T 288" (B - BRFF LV — )
FaTFI DCAPPI->—>————— @RHI—P&%—)%-—-&—)—D—)——)—)—!—'@RHI

E=—F 1rpm lrpm 3rpm 64
EL4step AZ288 (R - (BRHL —2"—) AZ288
MTI OFF MTI OFF MTI ON
15rpm 15rpm 3rpm 3rpm
ELléstep EL2.2 AZ270° (Ige#3) EL20 7.54%

17.4%-40.6° MTI OFF 288" (L - (EiRHF L —35"—) VAD ’

3T MTI ON/OFF
MTI ON

EL---{T1f5 (elevation) AZ:--F{if (azimuth)
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Table 3 Outline of the Doppler radar observation of snowfall in February, 1989.
=Rl =) # k32 i 7 i
2600
6 HoEiR
12 | #lGE BE, to-TEEE 2kmi3L.
18 | dual&#l | R e BRR O T a2 238 A, ESill
3@®0 1| EL, EEEFEL. :
6 dual&#ll ¥ | ma—DixHE, Az, EEREE, 4
12 || i, #o Rk, BE, R
18 Flra—{F EFRZL5IELHL, !
410 | | EEEEEA LA THEES T O, 1
6 & | Bk —, KEZ. d
12 | dual&#l Ig | ra—I8mE 3 kmiy>, KR, FE T g
18 f | ta—4n, MvERR
5 0 HA | MV ERR, $8v.
6 fied
12 | #iE o —IU% 29, za—iL,
18
6(8)0
6 F.
12 i,
18
TR0
6 I = o — g BEi. 209
12
18
8K 0
6 R EDFED <
12 =0,
18 M, ~fzokLizBRza—,
90 1 I3 —THREE 3km, BufEDHE
6 R T Td—-H% 5,
12
18
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Time variations of height, air
temperature, wind speed and
wind direction at 850mb level
observed at Akita Meteorologi-

cal Observatory (09 and 21

LST) . NRCDP's radar obser-
vation periods are shown
below.

2RA5AH

Fig. 3 GMS (Geostationary Meteorological Satellite) visible imagery at 12 LST, from

Feb. 2 to Feb. 5.
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1989.2.2
19:29

20:04

= 4 2 8 2 19294320 5 200943 £ T 5 MHEOHEL640mD L — F — T 2 —HED
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Fig. 4 Time variation of CAPPI image of reflectivity. Time interval is 5 minutes.
Presented area is indicated in Fig. 1 as a strip noted by “S”. Reflectivity is
expressed in two tones.
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10 km reflectivity Doppler velocity
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5 19FE34 320 S I9KFOA E CO T2 —ME L I — A Ky 75—y — >,
Fig. 5 Reflectivity and Doppler velocity contour lines accompanied by echo A from 1934
LST to 1949 LST.

Feb.2 19:44 reflectivity

Gy 77

194D T I— AL DWW T4 EEOLa—
MEOCAPPIZ =Y., FERIZI0IBZETH
%4, a, b ¢ ddzao—vrLERT,

g 4  SHINJO

SHONAI BASIN Fig. 6 Multi CAPPI cross section of reflectivity
PLAIN &7 of echo A at 1944 LST. Contour lines
>400m are chosen by the interval of 10 dBZ.
Strong echoes nominated by a, b, ¢ and

10 km d are echo cells.
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WIND WIND T
HEIGHT SPEED |DIRECTION (echc]; A)
(m) {VAD method) | (VAD method) (i)
{m/s) (deg)
2140 18.6 277.2 —15.5
1640 17.3 277.8 —14.6
1140 15.0 280.4 —13.0
S
wind speed  17.3(m/s) 640 9.1 281.0 —8.0
wind direction 277.8 (deg)
CAPPI height 1.5(km)
range 40(km)
BM7 AEIGmOKFEEDV 5F, t7—A #F4 VAD#E:® Fi v TR A « F# b
DfrEEBARZ R, TI—ADFLOV,
Fig. 7 'V, pattern on a horizontal plane of Table 4 Wind speed and wind direction der-
1640m high. The location of echo A is ived in the use of VAD method, and
shown schematically. V, at the center of echo A.

BBEPRO /Y — v 2> T3, Ta2—AMBETRELD & BEEAM > T Vb BT
HT3, 22— ADPLBETOV.OEEE 4 CTT.

X 8 IX19FF44 2D 4 BEDCAPPIE LOV A iTH L. 4BEL b, EERD Y- i
REPICAHABEEFRDELV—F—2FLE LEHERTH S, M8 OBELMIMIZDNT
VOB # (A7) BT 2 L, MEO Y —YREMENTR—HT 3. Lol VDo
B D/NEVRRTr—LOE#RENb->TED, BiZ20dBZU EOz 2 —0H 2 £ 225 TIEHE
ERxEANLBSND,

TaA-ARELRIV,OAFEAZE, 8D AEETRTIEB L THLET|Vol 230
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L#ie A THE, EEEL LTI —-OFILE& PO EOM TV OEZ6m/sELE I %
D, 2035 V,0ERImM/SFBETHS, 2TV OBLEERL, 21— ATIELE
Vo RACRLIET—EET S, £9F 5L, H8IBVLTV,y=V,DEERN V=
0%FbT, 7221, BEIAMTIREL LD 2I—ADV,DfEiA—14.6m/seDT, Vo
= —15m/sO BBV S0m/sieFS T2, 20/EPER N+ CRLI 2 —ADFHRER
TV >0m/sk B ->THBY, V—F—0oEEh 3 FRACBBRTHEITWS, ZOH M
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Fig. 8

198544012 B 12 4 BEOCAPPIE EO Vo afi, BE2 20 RS2 —5EE20
dBZU LuF T, licRLEEABORERATIDH LD THY, Fyv7I—L
— ¥ —R3ETTHE, BESEDUFLESEE4, H6TLERETH S, FER
H8m/sBTh 4, TI—AKRDLTR V=0 ZHYT 2FEEEFH-TH S,
“tr, TR IhEEE LEVYORESTHDE, KB,

Multi CAPPI cross section of V, at 1944 LST. Reflectivity more than 20
dBZ is shaded. Presented area is the square indicated in Fig. 1. Doppler
radar is on the right under. The strip noted by “S” indicates the area of
Fig. 4 and Fig. 6. V, contour lines are chosen by the interval of 8m/s.
Contour line equivalent to Vy'=0 is also drawn in echo A. “+” and “—7"
are signs of V. See text.
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